Members of the actin-like MreB family of proteins localize as a helical filament in bacteria and are important for determining cylindrical cell shape. Recent results show that new cell wall biosynthesis occurs along a helical track dependent on one of these actin homologs, providing new insights into bacterial cell growth, division and shape.
To be, or not to be, a certain shape? Until recently, little was known about how prokaryotes adopted their various shapes, from cocci to rods to helices. The apparent absence of any cytoskeleton seemed to suggest that physical forces on the rigid cell wall were the major determinants of shape as well as cell expansion [1] . But more recently, it has become clear that bacteria do have a cytoskeleton composed of structural homologs of tubulin and actin. The tubulin homolog FtsZ is an essential component of a ring structure involved in bacterial cytokinesis [2] . Structural homologs of actin in prokaryotes include MreB and MreB-like (Mbl) proteins, as well as the more distantly related FtsA, another cell division protein that interacts with FtsZ [3, 4] . FtsZ and FtsA normally localize as a ring at the cell center, although they can form extended helical structures under certain conditions, and the ring itself may be a helix with a very short pitch [5] . Whereas FtsZ and FtsA are required for cell division, MreB and Mbl are important for cell shape.
In the Gram-positive bacterium Bacillus subtilis, MreB and Mbl are crucial for regulation of cell width and extension of the cylindrical architecture, respectively; cells in which the gene for either protein is inactivated form abnormal shapes, and MreB is essential for viability [6, 7] . The rod-shaped Gram-negative bacterium Escherichia coli lacks Mbl, but inactivation of its mreB gene results in round cells, indicating that MreB functions in width control in E. coli as well [8] . MreB and Mbl form distinct helical structures that often extend the entire length of the bacterial cell [ The labeling of cell poles in C. glutamicum suggests that cylindrical wall growth occurs in the absence of the MreB helical track by growth at the division septum. Once the septum is complete, growth persists at the newly formed cell poles, which normally become inert in species like E. coli and B. subtilis [13] . Such tip growth, which has been observed directly in corynebacteria [14] , is similar to that observed in filamentous fungi, and would be predicted to result in the persistence of rod shape if growth direction were not perturbed. However, corynebacteria and rhizobia (another group of rod-shaped bacteria that lack MreB homologs) tend to form branches or bends at their tips when their growth is perturbed. For example, blocking the cell cycle of growing rhizobia induces the formation of branches instead of long filamentous cells typical of MreB-containing E. coli and B. subtilis [15, 16] . This suggests that branching may be the preferred way for a non-spherical cell to grow in the absence of a helical scaffold when the division septum is blocked.
Interestingly, Streptomyces, Gram-positive bacteria that exhibit fungal-like hyphal growth, contain MreB [17] , but fluorescent vancomycin mainly labels the hyphal tips and not a helical track [10] . This is consistent with the observed branching and tip growth of Streptomyces, but how its MreB homologs might be involved in cell shape is unclear. For that matter, it is also unclear why MreB is essential in B. subtilis if it is not required for the helical track. The tendency of MreB helices to localize near the midcell position, and the link between MreB and regulation of cell width, suggest that MreB may have a function in cell division [6] .
It is now apparent that both actin and tubulin homologs are involved in determining bacterial shape by regulating expansion of the cylindrical wall and the division septum, respectively (Figure 1) . In cells without MreB, the only means of cell expansion is probably zonal growth via FtsZ-mediated septum synthesis. While much is known about the proteins recruited by FtsZ for septum synthesis, nothing is known about the proteins MreB homologs recruit for cell wall synthesis. It is likely that other conserved proteins important for shape maintenance, such as RodA, are recruited to the helical track by MreB or Mbl. For example, E. coli cells containing MreB but lacking RodA are round and grow by septum synthesis [18] , indicating that MreB cannot direct cylindrical growth without help. It is also possible that two conserved genes adjacent to mreB in many genomes, mreC and mreD, encode proteins that interact with MreB.
What defines the helical path taken by Mbl and the peptidoglycan synthesis machinery? Other proteins, such as the Min proteins of E. coli, form extended helices that are nevertheless distinct from those formed by MreB [9] . This implies that there may be multiple helical tracks in the cell. Just as Min proteins move back and forth along their track, MreB helices are also dynamic, both in terms of subunit turnover and wholesale movement of the helices across the cytoplasmic membrane [19] . This putative sweeping motion would seem to be essential in order to be able to synthesize new wall material all over the cell as it grows.
Among many future challenges, one will be to investigate the interdependencies of the various cytoskeletal structures, what proteins they recruit, and how they move. Another will be to address why certain bacteria have these cytoskeletal proteins and others do not. For example, mycoplasmas, which lack walls, have their own specialized cytoskeletal proteins and with one exception, lack MreB. The exception is the helix-shaped Spiroplasma citri, which has five MreB homologs. Their presence in a species without a cell wall suggests that they are involved in determining the helical shape of the cells by a cell-wallindependent mechanism, perhaps as constituents of the contractile helical ribbons characteristic of this organism [ 
